Abstract. This paper provides a new methodology for company assessment besides other traditional assessment measures such as share price or forecasts of the analysts. It is suggested to assess the market reaction on change in share price via using graphical approaches. Investors buy shares with the expectation that its price will rise in the future. But sometimes expectations don't coincide with reality and then shares are sold. This work has been taken into account in the asymmetry between expectations of investors and results. In order to identify the position of a company in 2D space, the paper uses classification algorithm of random forests with data on change in share price during the period of the year in the inputs, and the forecasts of analysts, i.e., whether a price will increase or decrease, for the same year in the outputs. Thus, two clusters of companies are seeking to represent: one of the companies whose changes in share price coincide with investors' expectations, and another one -on the contrary. This method can be useful to investors, for whom it is important to identify the market reaction about companies from the whole industry or its branches and analyze its trend.
Introduction
A number of research (see Angelovska 2016; Coussement, Van den Poel 2009; Liang et al. 2015; Lin et al. 2014; Price et al. 2011) have shown that the trend of share markets is not entirely random and can be forecasted, however, various random factors, for ex-ample, significant price growth or recession periods, change of national currency, expectations of investors, assessments by financial analysts, etc., can influence the financial forecasts. Recommendations of analysts, engaged in assessment of financial market elements, are treated controversially. On one hand, they are commonly based on technical analysis (share price is forecasted by attempting to determine the trends and statistical analogies, following the historical price volatility). On the other hand, recommendations are biased -brokers and brokerage companies tend to highlight positive information and conceal negative one, in order to attract and maintain investment banking business. Ongoing declines of share markets show that indicators of forecasts and recommendations, published by analysts, not always reflect reality (Brown et al. 2015; Peasnell et al. 2016) . Barber et al. (2006) researched criteria under which analysts' recommendations should be classified to buy, hold shares expecting future rise or to sell shares at a profit now. They found out that there is a need to discipline the brokers, who commonly tend to recommend buying shares. What is more, the aforementioned authors concluded that the analysts of investment banking companies are more conservative for long-term forecasts than the analysts from independent research companies. Thus, the forecasts of analysts can be used only as additional information, and not as final proposal to buy or sell the shares of specific business.
The paper proposed the method of assessment of market reaction on the share performance enabling to assess the business viability by market participants' view. This problem is relevant to investors, for whom it is important to select the most viable companies from the whole industry without spending too much time. It is explored what companies are assessed by market positively, i.e., as having perspective, and what -negatively, not only on the basis of share prices, analysts' forecasts, but also according to visualization of each business in respect of other companies. The experiments are made with data of companies from Health Care industry. Current share prices and ratings, provided by analysts, are used for describing market assessment. If investors assess business as viable, share price will be high -more investors will want to buy the shares of that company than to sell, thus, share price will increase. Current share price reflects the assessment of company from investor's position. Multivariate skew t distribution was selected for description of investors' opinion about business results (see Sakalauskas et al. 2015) . The parameters of probability distribution are assessed by maximum likelihood method. By using random forests classification algorithm, research of market reaction is carried out, and business position in 2D space is identified. During forecasting, proximity matrices are stored. They reflect the similarity of one company with other companies, according to this parameter. The parameter, reflecting market reaction, is selected by using the rating data (see Zavadskas, Turskis 2011) . This method can be useful to investors, for whom it is important to identify the market reaction about companies from the whole industry.
Probabilistic model
It was found out that some financial data are leptokurtic, characterized by heavy-tailed values, thus, many authors showed that the normal distribution, so often used for analysis of economic indicators, is not suitable (Belovas et al. 2006; Fischer et al. 2007; Ka-basinskas et al. 2009; Rachev, Mittnik 2000) . By the way, this law ignores asymmetry between expectations of investors (probability to get profit) and results. Investors buy shares with the expectation that its price will rise in the future. But sometimes expectations don't coincide with reality and then shares are sold. Therefore, multivariate skew t distribution was selected for description of investors' opinion about business results, as data therein are described by normal distribution with random mean vector and random dispersion by taking into account asymmetry and heavy-tailed values (Panagiotelis, Smith 2008; Theodossiou 1998) . Sakalauskas et al. (2015) proved that the difference between skew t distribution mean and data sample mean shows the difference between investors' expectations and business value. If this difference is positive, it means that investors overestimate business shares, if negative -investors' expectations are pessimistic. It is noticed that this interpretation of probabilistic model reflects the real market trend.
Assessment of skew t distribution parameters
Let us consider multivariate skew t distribution selected for description of investors' opinion about business results. Skew t distribution is defined by hierarchical statistical model through multivariate normal distribution, the mean vector of which is also distributed, according to normal distribution, when covariate matrices of both these distributions depend on parameter, distributed, according to gamma law.
Suppose that multivariate random vector ,
, is described by probability density:
.e., with density.
where μ, W, Q, α, h is a vector of unknown parameters: μ -mean vector, W, Q -positively defined covariance matrices, α -the extinction degree, h -scalar, enabling to establish the area of preferences (priorities).
While random variable t is distributed according to gamma distribution with parameter α (see Azzalini, Capitanio 2003) , i.e., with density:
The parameters of the defined skew t distribution were estimated by optimization of the likelihood function (see Azzalini, Genton 2008; Sakalauskas, Vaiciulyte 2012) . Below, there is a statistical modelling scheme of maximum likelihood: -suppose that X 1 , X 2 , …, X K , K = 252, are independent, uniformly distributed random variables with density function p(xμ, W, Q, α, h); -after calculating the product of density functions, likelihood function is obtained:
-to facilitate the calculations, the function L(μ, W, Q, α, h) is logarithmized; -maximum likelihood estimates are selected as values of parameters μ, W, Q, α, h at which the function L(μ, W, Q, α, h) has the highest value:
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-maximum of the function ln L(μ, W, Q, α, h) is obtained by equating the respective likelihood function derivatives to zero and solving the resulting system of equations (Sakalauskas, Vaiciulyte 2012) , e.g.,
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Calculation of maximum likelihood estimates of the parameter, when using numerical methods is an iterative process, where initial estimate values are selected and certain number of iterations is performed until the estimates of adjacent iterations start being characterized by sufficiently low difference. Assessment of multivariate probability model parameters is quite relevant issue in the world, while the results obtained might be widely used in the real life -for financial models, forecasting, cartographic maps, localization of infectious agents, assessing the probabilities of rare events (e.g., deaths, accidents), etc.
Random forests
Random forests (RF) classification algorithm (see Breiman 2001) consists of the set of individual decision trees. Each decision tree is prepared by using random two thirds of data from training sample, while the remaining data out-of-bag (OOB) is used for testing. Error for the tested part of data decreases by increasing the number of decision trees (Archer, Kimes 2008; Breiman 2001; Chan, Paelinckx 2008; Genuer et al. 2010; Hapfelmeier, Ulm 2013; Wu et al. 2014) .
Importance of the features is measured by using OOB data. The selected features depend on the number of data, entering OOB. Therefore, while selecting the most important features, 7 different data amounts, entering OOB, are taken. The number of features, falling into OOB, N is selected in the following way: 2, 1, , 1,
The mean of importance of features of each OOB data amount is calculated. By using backward elimination, 5% of the least important features are eliminated until only 1 feature is left. It is observed which set of features was characterized by the lowest OOB error. Then, these features are considered as the most important (Guyon 2008; Kalsyte et al. 2013; Verikas et al. 2011) .
Data
The data include the companies (130 in Seeking to describe the share prices of a company during the year, primary data processing is used, i.e., sample mean is deducted from the available data and it is divided by standard deviation. In the case considered, this data centering and normalization is required to facilitate the work of the program, otherwise the program would have to optimize under very different scale parameters. After solving the minimization task, it is returned to original scales.
Methodology
1. The following skew t distribution parameters are calculated from closing share prices of 2011; 2. The data of clause 1 are used as inputs in RF algorithm. Output data describe whether share prices will rise or fall. Proximity matrices are stored during classification. Apart from a predictor, the RF software also produces a data proximity matrix. To obtain the matrix, for each tree grown, the data are run down the tree. If two observations occupy the same terminal node of the tree, is increased by one. At the end of the run, the proximities are divided by the number of trees. Data proximities possess an important property meaning that only variables used by the forest contribute to the proximity values. Data proximity matrices are used for exploration of data by mapping them in 2D space (see Borg, Groenen 2005); 3. The t-distributed stochastic neighbor embedding (t-SNE) algorithm was used to perform the mapping in this work (see van der Maaten, Hinton 2008). T-SNE algorithm represents similarities of data points as conditional probabilities. The similarity of x j to x i in a high-dimensional space is defined as the conditional probability p j|i that x j is picked by x i as its neighbor when neighbors are picked in proportional to their probability density defined by a Gaussian centered on x i (see van der Maaten, Hinton 2008):
where s is a parameter and the values of p i|i are set to zero. Hence, it works best when the data will be embedded on two or three dimensions (see van der Maaten, Hinton 2008). By using t-SNE dimensional reduction business position is transferred from multidimensional space to 2D and is displayed in a 2D plane. This procedure is repeated for each parameter of skew t distribution individually; 4. The obtained graphs are analyzed and it is observed which parameter of skew t distribution is the best to reflect the upgrade and downgrade trends of share prices (see Zavadskas, Turskis 2011).
Results
Upon assessing the parameters of probability distribution, the obtained coordinates of market reaction enable visualization of business position in respect of other companies. The results show that density integration parameter of skew t distribution has the greatest influence in the model, developed, and seeking to assess priority areas and describe the expectations of investors in more details. As area parameter h is the key indicator of market reaction research, Figure 1 shows the results of examination of this parameter. The companies, which were characterized by downgrade trend in 2010-2012, are depicted as squares, while the companies with upgrade trend -as dots. Coordinates and trend value (downgrade, upgrade) are given by calculating proximity matrices from the RF algorithm by t-SNE algorithm. RF method allows data convert into abstract variables, retaining only the metric (distances) between objects. The method created in this paper allows visualized data of individual economic sectors (companies). Unrated companies are not included in the graph. Companies that are further away from intersection boundary of the upgrade and downgrade clusters are more dependent on analysts' opinion, i.e., the expectations of investors and analysts are coincident. However, those companies that are closer to the intersection boundary of the upgrade and downgrade clusters need more data, to forecast their share price, maybe, the financial statements or other, i.e., they are not so heavily dependent on analysts' forecasts. This model is not appropriate for all sectors, because they work in an unstable way. Figure 1 shows, that the downgrade and upgrade trends of the Diagnostic Substances sector are at the same point. So this model is not appropriate for the Diagnostic Substances sector, because it works in an unstable way. Share price upgrades points of Drug Generic and Drug Manufactures Other sectors near downgrade points of other sectors share price, so this model can be unstable too. 
Conclusions
This paper suggests evaluation of market reaction on the share of firms traded in the share markets via using graphical approaches. It is argued that if share market investors view that the business is viable, they will increase in share price, otherwise its share price will decrease. The method of business visualization for identifying the plane coordinates of the business on the basis of share data and ratings, provided by analysts was created in this paper. The developed techniques were experimentally tested using data concerning companies from different sectors of the health-care industry. Estimates of skew t distribution parameters were used for classifying the companies into upgrade and downgrade clusters. So the share prices and distribution parameters, describing the change in a share price, were used as input data, and in the outputs forecasts of financial analysts were used (where the share price of a company will rise or fall). Proximity matrices were preserved during the classification. Data proximities in the original space were represented by using t-SNE visualization. Then the companies' position was transferred from a multidimensional space to two-dimensional and was displayed in a plane. Companies with the same rating are placed close together in a plane. Also this method allows visualized data of individual economic sectors (companies).
The results of market reaction research show that the figure of parameter of skew t distribution of density integration area is more informative seeking to define the priority area and describe the expectations of investors. Therefore one can conclude that the forecast about the rise or fall of share of the price of a company is forming investor's expectations. Therefore assessments of financial analysts influence the financial situation of business -by raising the ratings they attract investors, and by downgradingworsen the situation. Thus, financial analysts and investor's opinions are correlated with each other. This method can be useful to investors, for whom it is important to identify the market reaction about companies from the whole industry or its branches and analyze its trend.
The computation time is the primary limitation of this research. The calculation takes too long applying this model in real time to a large number of companies. The research model could be extended by different activities companies and compare the obtained results not only with big corporations, but also with private limited liability companies. To check the model performance in period of crisis and how react to changes of economic cycle is also recommended for further research.
